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Annual  Technical/Scientific  Report 


1.  Project  Period  The  project  period  includes  October  1,  1986  to 
September  30,  1987.  The  present  report  is  being  filed  in  August,  1987. 

2.  Summary 

The  regulation  of  synaptic  reactivity  by  protein  kinase  C  and  its 
substrate  proteins  has  been  studied  using  the  long-term  potentiation 
paradigm  (LTP).  In  the  past  year  we  have  studied  the  effects  of  protein 
kinase  C  activators  and  inhibitors  on  durability  of  synaptic  reactivity. 
The  main  conclusion  to  be  drawn  is  that  protein  kinase  C  is  necessary  but 
not  sufficient  for  the  enhanced  durability.  In  combination  with  a  neural 
signal,  however,  PKC  demonstrates  a  profound  synergism.  Synergism  is  also 
observed  in  the  analysis  of  metal  ion  regulation  of  protein  kinase  C 
activity.  Calcium  and  zinc  interact  in  their  effect  on  the  enzyme  in  a 
bidirectional  manner  (see  below). 

3.  Statement  of  Work 

The  research  objectives  during  this  period  were  to: 

a.  Study  effects  of  protein  kinase  C  inhibitors 

b.  Study  activators  of  PKC  in  the  synaptic  zone 


c.  Study  metal  ion  regulation  of  PKC 

4.  Status  of  Research 


Significant  accomplishments  made  during  this  period  were: 
a.  Effect  of  inhibi tors 

We  used  three  separate  inhibitors  of  protein  kinase  C  activity. 
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polymyxin  B,  mellitin  and  H-7,  each  with  a  different  mechanism  of  action. 
Application  was  made  by  micro-pressure  ejection  into  the  molecular  layer  of 
the  dentate  gyrus  before  or  after  LTP.  The  major  result  of  this  study  was 
that  inhibitors  had  no  effect  on  the  initiation  of  LTP  but  completely 
eliminated  the  enhanced  response  10-15  min  after  its  initiation.  This 
provides  strong  support  for  our  view  that  PKC  plays  a  critical  role  in  the 
maintenance  but  not  the  initiation  of  LTP. 

b.  Study  of  PKC  activators  (PDBu  and  oleate) 

A  crucial  question  in  the  analysis  of  the  role  of  PKC  in  synaptic 
reactivity  is  the  site  of  action  of  the  compound.  Indirect  evidence 
suggested  a  synaptic  site  since  PKC  is  found  in  high  concentration  there. 

To  assess  this  view  directly  we  compared  application  dosages  required  to 
facilitate  synaptic  reactivity  duration  in  the  dentate  hilus,  a  nearby 
site,  and  the  molecular  layer  of  the  dentate,  100  mi  era  from  the  granule 
cells,  precisely  the  point  where  perforant  path  terminals  synapse.  We  have 
found  that  only  10-16%  of  the  dosage  is  required  when  the  application, 
iontophoretic  or  micro-pressure,  is  made  at  the  synaptic  zone.  This 
provides  strong  support  for  the  synaptic  site  of  action  of  these  protein 
kinase  C  activators. 

c.  Metal  ion  regulation  of  protein  kinase  C  activity 

Recent  evidence  describing  the  primary  structure  of  protein  kinase  C  by 
several  laboratories  indicates  several  different  motifs:  ATP-binding, 
Ca-binding,  kinase  domain,  zinc  "fingers".  This  suggested  the  possibility 
that  both  zinc  as  well  as  calcium  might  regulate  protein  kinase  C  activity. 
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Since  we  have  recently  discovered  that  protein  kinase  C  can  be  activated  in 
the  absence  of  calcium  it  was  now  feasible  to  sstudy  the  effects  of  zinc 
both  in  the  presence  and  the  absence  of  calcium.  A  novel  mechanism  for 
regulating  protein  kinase  C  activity  was  discovered  in  which  zinc  ions, 
found  in  highest  concentration  in  the  hippocampus,  enhance  protein  kinase  C 
activity  at  low  calcium  levels.  At  higher  levels  of  calcium,  zinc 
inhibits.  We  propose  a  model  of  protein  kinase  C  with  a  low  and  high 
calcium  affinity  binding  sites  and  a  distinct  zinc  binding  site. 
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